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FLEXIBLE AIRCRAFT DYNAMIC MODELING 
FOR DYNAMIC ANALYSIS AND CONTROL SYNTHESIS 

By 

David K. Schmidt 
Purdue University 
West Lafayette, Indiana 


ABSTRACT 


The linearization and simplification of a nonlinear, literal model for flexible aircraft 
is highlighted. Areas of model fidelity that are critical if the model is to be used for 
control system synthesis are developed and several simplification techniques that can 
deliver the necessary model fidelity are discussed. These techniques include both 
numerical and analytical approaches. An analytical approach, based on first-order 
.sensitivity theory is shown to lead not only to excellent numerical results, but also to 
closed-form analytical expressions for key system dynamic properties such as the 
pole/zero factors of the vehicle transfer-function matrix. The analytical results are 
expressed in terms of vehicle mass properties, vibrational characteristics, and rigid- 
body and aeroclastic stability derivatives, thus leading to the underlying causes for 
critical dynamic characteristics. 
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MODELING 
FLEXIBLE AIRCRAFT 
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Physical Causes of Critical Dynamic Characteristics 



WHAT VEHICLE DYNAMIC CHARACTERISTICS 
ARE CRITICAL IN A FEEDBACK SYSTEM? 
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CRITICAL DI-POLE EFFECT 
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STABILITY IN THE FACE OF UNCERTAINTY 
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ROBUSTNESS EVALUATION 
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A MEANINGFUL METRIC 
FOR MODEL VALIDITY 
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Or Just look at Bode Plots 
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Step 2: Wild T and Z where XY = TI i r 1 , T*[T t T M ], r T = [U„ U*.,] 
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THE SYSTEM IS DESCRIBED BY 
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FOR QUASI-STEADY AERODYNAMICS 
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Table 10. Transfer Functions For the True Model 



G* B 

(ft/s 2 /deg) 

(rad/s/deg) 

(ft/s 2 /dcg) 

(rad/s/deg) 

gains 

52.01 

8.001 

-244.5 

15.65 

zeros 

6.473E-5 
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1.087E-4 
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-.008887 
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-.008093 

-.05541 


-.01958 ±jl.661 

-.2020 

.1703 dt jl.795 

-.1172 
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—.8996 ± j4. 1 32 
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-4.020 
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-2.564±jl3.12 



.5735±jl3.41 



poles 
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— .2240 ± j 10.78 




-.361 l±jl 1.00 




-2.558 ±j 13.05 
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Table 12. Transfer Functions For FWIB Reduction Model 
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Table 14. Lower-Order Transfer Function Forms 
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Table 8. Polynomial Coefficient and Factor Relationships 
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Table 9. Polynomial Coefficient and Factor Difference Relationships 
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CLOSED-FORM EXPRESSIONS 
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(co, 2 -F ln )+(U 0 +Z q )M. 



FURTHERMORE, IT CAN BE SHOWN 
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= mode i slope at location (•) 


SUMMARY 
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